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Elemental analysis by energy dispersive X-ray spectroscopy (EDS)
The elemental analysis was performed in STEM-EDS mode using a 0.7 nm wide electron probe. In all the analyses, the solutions were drop-cast on carbon-coated ultrathin Au grids and an analytical double tilt holder equipped with a low background beryllium tip was used. This setup was chosen in order to avoid interference and spurious signals coming from the holder and the standard ultrathin Cu grids during the spectral acquisitions.
In order to assess the homogeneous composition of the NCs during the cation exchange process from with the first term representing the interface alignment and the second one the vector alignment. Thus, it was possible to calculate the actual lattice mismatch (m) between average lattice spacings of the two phases along a given direction. The mismatch parameter was defined from the average lattice spacings of phase 1 and 2 (d 1 and d 2, respectively) as:
The Fourier analysis of the HRTEM images of well oriented heterostructures was performed by means of filtered 2D-Fast Fourier Transform (FFT) and proved the alignment of the epitaxial-related domains (see figure S4) . A noticeable angular distortion between the 220 spots of Cu 2-x Se and -511 of SnSe was observed and it can be attributed to distortions in the anionic framework caused by the partial As shown from in the left panel of Figure S4 , there is a visible angular distortion between the (220) planes of Cu 2-x Se and the (-511) planes of SnSe, which is also affected by a lattice mismatch higher than 10%, as reported in the previous table. Thus the epitaxial relationship characterizing our heterostructure can been defined as imperfect.
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Polycrystalline and cubic SnSe NCs in the cation exchange process with Sn 2+ ions Figure S5 . 
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Cation exchange with Sn 4+ ions at high temperature
As a control experiment we performed a cation exchange reaction with Sn 4+ ions at 200°C. In this experiment, after quenching the Cu 2-x Se NCs synthesis, the crude reaction mixture was heated to 100°C.
At this point a solution of 0.4mmol of SnAc 2 Cl 2 in ODE (4ml) and DDT (1ml), prepared in the glove box at 130°C, was transferred into the reaction flask together with 2ml of TOP. After the injection the S10 temperature of the reaction was allowed to reach 200°C for 10 minutes. The NCs were then washed twice by precipitation with addition of methanol followed by redissolution in toluene. As confirmed by ICP and XRD analysis, the product of the exchange were orthorhombic SnSe NCs showing a different morphology with respect to their parent Cu 2-x Se NCs (see Figure S7 ). 
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X-ray diffraction study of Cu 2-X Se NCs films.
Additional XRD measurements were carried on Cu 2-x Se NCs films in order to explain why in a typical 2theta/omega XRD acquisition the intensity ratio of the (111) -Symmetric 2theta/omega scan: both angles of incident and diffracted beam against the sample surface are the same.
-Asymmetric 2theta scan: the incident X-ray beam is kept at a small angle (omega= 3°) while only the detector on 2theta axis is scanned to record diffraction intensities.
The collected XRD patterns are shown in Figure S8 . As it is possible to see in Figure S8a 
